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Abstract  
Seasonal dynamics of phytoplanktons along with various physicochemical parameters were recorded in the hot spring of Atri, 
Odisha during the year 2010-2011. The study was carried out to ascertain the phytoplanktons diversity in relation to the 
changing physico-chemical parameters in an extreme condition of the hot spring on seasonal basis. Total twenty eight genera 
having forty two species of phytoplanktons were recorded under the following classes, viz. Chlorophyceae, Cyanophyceae 
Bacillariophyceae and Euglenophyceae. Chlorophyceae was found to be dominating class contributing 40% of the total. The 
highest numbers of phytoplankton species were recorded during summer season with an average of 11, 3,000 cells/liter. 
Dominant species identified were Anabaena aequalis, Closterium ehrenbergii Meneghini ex Ralfs, Eudorina sp., 
Merismopedia punctata Meyen, Microcystis aeruginosa (Kützing) Kützing,  Navicula membranacea Cleve, Oscillatoria sp., 
Pediastrum simplex Meyen, Scenedesmus quadricauda Chodat. Correlation studies of phytoplankton with physicochemical 
variables indicate a significant positive correlation with chlorophyll-a, alkalinity and nitrate concentration at p≤0.01 and 
p≤0.05. 
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INTRODUCTION 
 
     Phytoplanktons are the principal components of any water 
body; the tolerance limits of these organisms to diverse stresses 
assume tremendous relevance from the ecological standpoint. It is 
one of the initial biological components from which the energy is 
transferred to higher organisms through food chain [1-6].They also 
play important roles in the material circulation and energy flow in the 
aquatic ecosystem. Phytoplankton abundance and composition in an 
aquatic ecosystem are regulated by various abiotic or environmental 
factors such as pH, light, temperature, salinity, turbidity and nutrients 
[7-9]. According to Ramakrishnan et al., 97.8% of the variations in 
phytoplankton density of the freshwater pond were influenced by 
physico-chemical factors [10]. Besides, their importance’s as the 
primary producers in food webs and ensuing ecological balance, 
phytoplankton are useful indicators of water quality [11]. Species 
diversity responds to changes in particular to stresses and limiting 
factors, thus reflecting many interactions which may characterize 
communities. Changes in any environmental factor will consequently 
change diversity.  
     Hot spring is a place where warm or hot ground water 
escapes from the earth on a regular basis for at least a predictable 
period and is significantly above the ambient ground temperature. 
The water released from a hot spring is heated by geothermal 
energy. Geothermal energy is high heat energy stored in some 
favorable geological structures within the top few kilometers of the 
earth’s crust which can be used as energy source. The distinguishing 
features of these specialized habitats their elevated temperature, 
depressed dissolved oxygen level and high radioactivity [12, 13]. 
Extensive studies were carried on the diversity of phytoplankton in 
thermal springs of U.S.A, Eastern and Western Europe, Japan, Israel, 
New Zealand, Africa, Germany, Thailand, and Australia [14-16]. But 
very little work has been carried out in India and especially in the hot 
springs of Odisha by Adhikary & Sahu and Dash et.al. [17-19]. The 
aim of the present study was to determine the taxonomic 
composition of the phytoplanktons and their abundance for 
delineation of their temporal pattern, and to study their basic 
ecological pattern during an annual cycle in the natural hot spring at 
Atri of Odisha during the year 2010-2011. 
 
MATERIALS AND METHODS 
Study area 
 
     Atri (20015'N and 85030'E in 20015’N and 85030'E) is situated 
in the eastern part of Odisha, in a small village at Baghmari under 
Khurda district, at a distance of 43 kms from Bhubaneswar. The 
thermal spring, Atri has circular main tank of 161’’ diameter and 168’’ 
depth (artificially constructed) from where gases escape from the 
bottom in the form of bubbles. It has a rocky bottom but the water 
depth is very deep (139”). The water being extremely hot near the 
origin is channelized into three nearby cemented bathing tanks 
called overflows where people take their dip. The present 
investigation was carried out in main tank and its three overflows. 
Figure 1 shows the schematic diagram of the study site and its 
overflows path. 
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Fig 1. Locations of the overflows of Hot Springs at Atri from the main tank Sampling and analysis 
 
     The phytoplankton samples were collected from the surface 
with the help of Niskin water sampler. The sample were preserved 
with 4% formalin and stored in the laboratory prior to qualitative and 
quantitative analysis.  
     Surface water samples were also collected for various 
physical and chemical analysis following standard procedures and 
methods as outlined in standard methods [20].Surface water 
temperature, pH and EC were measured in situ by using WTW kit. 
Salinity, turbidity, total chloride, fluoride, sulphate, phosphate, 
nitrates, calcium, magnesium, total iron was measured by standard 
methods of APHA. 
     The samples for the analysis of nutrients and chlorophyll-a 
were preserved in ice box and brought to the laboratory and 
analyzed immediately. The water samples were filtered through 
GF/C filter paper and the filtrates were taken for the analysis of 
nutrients and the residue for chlorophyll-a analysis. The 
concentration of chlorophyll-a was estimated by the method of 
Strickland and Parsons [21]. The nutrient contents (nitrate, sulphate, 
phosphate) were determined in duplicate samples by UV- Visible 
spectrophotometer (Perkin-Elmer No. Lambda 35) [22]. 
 
Phytoplankton Analysis 
 
     For quantitative phytoplankton analysis, two liters of sample 
were left to settle for one week and analyzed by a using Sedgewick-
Rafter cell counter. An Olympus BX-50 and CK-40 model were used 
for examination. The identification of the species and their taxonomic 
categories were given according to Subramanyan and Desikachari 
[23, 24]. 
 
Statistical Analysis  
 
     Relationships among variables were explored using Pearson 
Correlation coefficients. Statistical correlations were done using the 
program SPSS 13.0 and included all seasonal data during the year 
2010-11. 
 
RESULT AND DISCUSSION 
 
     All the biological and physicochemical parameters studied 
showed noticeable seasonal as well as spatial variations, which may 
be attributed to the local climatic conditions and water exchange 
mechanism between main tank and its overflows.  
     Temperature is an important factor which regulates the 
biogeochemical activities in the aquatic environment. During the 
investigating period, the water temperature varies from 25.4 to 56.8 
0C and remains fairly high at the main tank which is the source point 
of the hot spring and decreases subsequently in the overflows. It was 
observed that the periodic fluctuation of the temperature of the spring 
was significant and minor variations may be due to the change in 
climatic temperature.  Highest water temperature was always 
recorded in the main tank in all the three seasons (Figure 2). One of 
the noticeable features of the study was the temperature remained 
high during rainy season. In an aquatic system the water 
temperature may be regarded as an important factor in maintaining 
the periodicity and abundance of biological communities [25].  
 
 
Fig 2. Distribution of phytoplankton species and temperature at different sampling sites (Main Tank- MT, Overflow-OF) on seasonal basis 
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     The pH of water was alkaline in nature and varied from 8.5 to 
8.9. High pH value may be due to low water level and high 
photosynthesis of phytoplanktons resulting in high production of free 
carbon dioxide and approaching towards alkalinity [26, 27]. Electrical 
conductivity (EC) was found to be good indicator of the water quality 
[28, 29]. In the present study, electrical conductivity varied from 670 
to 1078 µS/cm and found lowest in 3rd overflow in the rainy season 
and highest in 1st overflow during winter season. This might be due 
to high anthropogenic activities.  
     The alkalinity is the main physical parameter that can be 
attributed to the phytoplankton diversity [30, 31]. It ranged from 15.00 
to 48 mg/l and highest value was recorded in 2nd and 3rd overflow 
during winter season. According to Klein, Shrivastava and Patil, the 
alkalinity is directly related to the abundance of phytoplankton since 
they dissociates bicarbonate into carbonates and carbon dioxide 
which leads to the increase in alkalinity [32, 33]. The value of 
hardness ranged from 32 to 54 mg/l. According to Shrivastava and 
Patil, in water hardness the cations like calcium, magnesium, iron, 
and manganese contribute to the total water. 
     Nutrients are essential for survival, reproduction and growth of 
phytoplankton in an aquatic environment. Phosphate (PO4-3) is one 
of the limiting factors for the productivity of phytoplankton. The 
phosphate concentration ranged from 0.01 to 0.09 mg/l and highest 
was recorded in 2nd overflow which may be attributed due to the 
anthropogenic activities. Nitrate (NO3) is one of the most important 
indicators of water pollution of water because it is the end product of 
the aerobic decomposition of organic nitrogenous matters. The 
concentration of nitrate (0.32 mg/l) was found highest in the 2nd 
overflow during winter season. The concentration of sulphate (SO4-2) 
ranged between 27.8 to 36 mg/l during summer season in the 
second overflow. 
     The chlorophyll-a concentration ranged from 0.45 to 5.52 
mg/m3 and highest concentration of chl-a was recorded in the 3rd 
overflow during summer season. The high value of chlorophyll-a 
concentration may be due to high phytoplankton distribution during 
the particular site and period.  
     Phytoplankton plays an important role as primary producers, 
forming the base of the food chain. Analysis of phytoplankton 
community composition showed that there were forty species of 3 
different algal class identified: 43% of Chlorophyceae, 35 % of 
Cyanophyceae and 22 % of Bacillariophyceae (Table 1 & Figure 3). 
 
 
 
Fig 3. Variation of phytoplankton group in the year 2010-11  
 
 
 
Results showed that the low density of phytoplankton distribution in 
the main tank was attributed to the high water temperature (Figure 
4).The maximum phytoplankton species availability was observed in 
the summer season in all the sampling locations (Main tank and its 
three overflows) as shown in Figure 4.This might be due to the 
moderate temperature and availability of bright light accelerating the 
rate of photosynthesis.  
 
 
 
Fig 4. Distribution of phytoplankton species in main tank and its overflows on seasonal basis. 
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     In the main tank the phytoplankton population was very low 
which might be due the extreme adverse climate and less 
anthropogenic activities. The highest number of phytoplankton 
population was recorded in 3rd overflow due to high anthropogenic 
and domestic activities. The diversity of the phytoplankton and its 
abundance differed in different study sites during the period. In this 
study it is demonstrated that the phytoplankton species composition 
and diversity changes in relation to various physico-chemical 
parameters. High species diversity coincided with significantly higher 
relative abundance of chlorophyceae. Dominant species recorded 
were Anabaena aequalis, Closterium ehrenbergii, Eudorina sp., 
Merismopedia punctata.  Microcystis aeruginosa, Navicula 
membranacea, Oscillatoria sp., Pediastrum simplex, Scenedesmus 
quadricauda. The seasonal occurrence of individual species in each 
study site was shown in Table 1.
 
Table 1. Phytoplankton species in different study sites in summer, rainy and winter 
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Table 2. Correlation coefficient matrix between various physico-chemical and biological characteristics in different sampling sites. 
 
 
 
     The phytoplankton population has showed a positive 
correlation with the concentration of chlorophyll-a, alkalinity and 
nitrate at concentration at p≤0.01 and p≤0.05, respectively (Table 2). 
The correlation matrix shows a negative relationship of 
phytoplankton population with water temperature and pH at p≤0.05.  
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